A Fourier analysis on galaxy number counts from redshift data of both the Sloan Digital Sky Survey and the 2dF Galaxy Redshift Survey has been carried out. The results indicate that galaxies have preferred periodic redshifts. Application of the Hubble law results in galaxies preferentially located on concentric shells with periodic spacings. This analysis finds significant redshift spacings of ∆z = 0.0102, 0.0246, and 0.0448 in the SDSS and strong agreement with the results from 2dF GRS. The combined results from both surveys indicate regular real space spacings of 44.0 ± 2.5 Mpc, 102 ± 8 Mpc and 176 ± 29 Mpc, for an assumed Hubble's constant H 0 = 72 kms −1 Mpc −1 . These results indicate that it is a real effect and not some observational artifact. The effect is significant at a level of at least 6 σ above the higher Fourier frequency noise.
Introduction
When modeling the large scale structure of the cosmos the usual practice is to assume the cosmological principle, therefore what we see must be biased by our viewpoint. The assumption is that the universe has expanded over time and any observer at any place but the same epoch would see essentially the same picture of the distribution of galaxies when viewed on a sufficiently large enough scale.
But strangely enough evidence has emerged from both the 2dF Galaxy Redshift Survey (2dF GRS) (see fig. 17 of Colless et al (2001) ) and also the Sloan Digital Sky Survey (SDSS) (see fig. 2 of Tegmark et al (2004) ) that seem to indicate that there is a spatial periodicity to the measured Hubble distances of galaxies. This has emerged from the galaxy number counts (N) within a small redshift interval (δz) as a function of redshift (z).
What has been found is the so-called picket-fence structure of the N-z relation, first noticed by Broadhurst et al (1990) via a pencil-beam survey of field galaxies. The usual interpretation is that this is evidence of the Cosmic Web, including voids and long filaments of galaxies. An alternative interpretation suggested in this paper is that galaxies are located preferentially on concentric spherical shells (seen at some past epoch z) with preferentially higher number densities centered on our position in space. (Of course, this does not rule out cosmic web structures in addition to this effect.) However this concept is incompatible with the cosmological principle, which assumes the uniformity of space at all epochs on sufficiently large enough scales. Moreover it was demonstrated (Yoshida et al 2001) , from a large number of numerical simulations using the Einstein-de Sitter and ΛCDM models, that the probability of getting such a periodic spatial structure was less than 10 −3 .
Therefore the only information that is sought from large scale galaxy surveys is the spatial power spectrum that describes the assumed random yet uniform distribution of galaxies in the universe, where the only departure expected from the random distribution is some characteristic scale for the clustering of galaxies. Certainly very few expect to find evidence consistent with a periodic spatial distribution centered on the Galaxy. Would that be a return to the pre-Copernican era?
However Hirano et al (2007) have attempted to explain galaxy redshift abundance periodicity as a real effect resulting from the universe having a non-minimally coupled scalar field that manifests, in later cosmological times. The effect produces oscillations in the expansion rate as a function of time. They model not only the redshift space observations but also the effect their cosmology has on the CMB power spectrum and the type Ia supernova Hubble diagram.
In the usual analysis the spatial two-point or autocorrelation function is used to define the excess probability, compared to that expected for a random distribution, of finding a pair of galaxies at a given separation (Baugh 2006) . This involves the assumption of the cosmological principle. As a result the power spectrum P (k) is derived from the twopoint correlation function (Peebles 1980; Tegmark et al 2002) . The power spectrum is predicted by theories for the formation of large scale structure in the universe and compared with that measured, or more precisely calculated from the available data.
The power spectrum for the SDSS has been calculated using a set of basis functions defined in . Three power spectra (galaxy-galaxy, galaxy-velocity, and velocity-velocity) were determined. Local motions of galaxies only contribute a radial component of a galaxy's total redshift, hence only affect the radial component of the power spectrum. Because the angular power spectrum is unaffected the assumption is also made that galaxy-galaxy spectrum is equal to the redshift-space power spectrum in the transverse direction. This then leads to the desired result. But possibly this is circular reasoning as it assumes some knowledge about the result in the first instance.
Also the "Bull's-eye effect" has been assessed (Praton et al 1997; Melott et al 1998; Thomas et al 2004) via N-body simulations to result from large-scale infall plus small-scale virial motion of galaxies. It is believed that these two effects can bias such determinations. One effect is the so-called "finger-of-God" (FOG) effect which results from random peculiar motions of galaxies at the same distance from the observer. The second acts on much larger scales and where overdensities of galaxies occur, like at the "Great Wall" for instance. Galaxies tend to have local motions toward the center of such structures. These motions are not random but coherent and add or subtract to the observer's line-of-sight redshift determination. These effects preferentially distort the map in redshift space toward the observer due to the velocities of galaxies within clusters, i.e. non-cosmological redshift contributions.
Does the assumption of uniformity in the cosmological principle rule out an alternative description of the large scale structure of the cosmos? Could these large scale galaxy surveys be really telling us that we are located at the center of an isotropic but not necessarily homogeneous distribution of galaxies? Or, could it be that we inhabit a region of the Universe that is a bubble, part of a background of many such bubbles? And does the FOG effect or the motions of galaxies due to infall significantly distort the map, artificially enhancing weak features in real space sufficiently to generate periodic structure?
It is suggested in this paper that the preferential location of galaxies at certain redshifts, on the scale size discussed here, is not primarily the result of clustering or the FOG and infall effects, resulting in distortion of the redshift space maps, but is due to real space positions. It may be conjectured that those real space positions result from some sort of acoustic or mechanical waves in the fabric of space, which concentrate the galaxies at preferential distances, i.e. on concentric shells where the number density is higher than in the surrounding space. In order to determine those preferred distances, the radii of the concentric shells, a Fourier analysis was performed on the available SDSS and 2dF GRS redshift data where the redshifts are known with 95% confidence or greater. Fourier analysis can find periodic spatial structure even where it may not be so apparent to the eye.
Observations
I obtained the data for 427,513 galaxies (Fifth Data Release (DR5) downloaded on June 4th 2007) from the Sloan Digital Sky Survey (SDSS) which are primarily sampled from within about -10 to 70 degrees of the celestial equator. Also I obtained the N-z data derived from the 221,414 galaxies of the 2dF Galaxy Redshift Survey (2dF GRS) where the data are confined to within 2 degrees near the celestial equator and balanced between the Northern and Southern hemispheres. In the SDSS case the data are not so well balanced, yet there are nearly twice as many usable data.
Power Spectrum Analysis

Whole SDSS data set
Initially I binned all the SDSS galaxy data with a bin size δz = 10 −3 . The 2dF GRS data are discussed later. The redshift resolution of much, but not all, of the SDSS data is only 10 −3 . This bin size essentially counts all galaxies of the same redshift. A N-z relation resulted, where N represents the number count within the redshift bin δz determined as a function of redshift, therefore all galaxies found between z and z +δz. Curve 1 of fig. 1 shows the result. Using the Mathematica software the Fourier spectrum was then calculated from this data and the result is shown in figs 2 and 3. Because the N-z are tapered both at high and low redshift values it was not necessary to apply any windowing function. The result shown is the same whether or not a window is applied. (Data beyond z = 0.15 have very little effect on this result.) The Fourier frequency axis in figs 2 and 3 has been converted to a redshift interval (∆z), the spacing at which the peaks, seen in fig. 1 , occur.
In order to evaluate the effect of higher Fourier frequency (shorter redshift interval) noise on the analysis the following was done. To a smooth polynomial, that fits the N-z data of fig. 1 but ignores the peaks, I added white noise of the same magnitude as the variations of N(z) at higher redshifts. Its Fourier spectra was then calculated and compared with the original in fig. 2 . This result indicates, as expected, that random white noise produces no peaks in the Fourier spectrum, but also that the 4 prominent peaks are anomalous in relation to what might be expected from a random distribution of galaxies. It is well known that galaxies cluster and also form superclusters, so some regularity could arise from this. But it will be argued here that since the redshift space has its origin at the earth then we are seeing preferred redshift spacings for galaxies, which form the peaks on top of the general background. As is apparent from the grey curve in fig. 2 , the general background generates no peaks in the Fourier spectrum.
The galaxy N-z data Fourier spectrum is reproduced in fig. 3 with the DC component removed. There I have fitted the sum of 4 Gaussian curves to the Fourier spectrum data.
The best fit peak ∆z values (representing preferred redshift intervals) and their standard deviations are shown in Table I . From fig. 3 it is apparent that the peaks are significant to between about 6σ and 8σ, when compared to the higher Fourier frequency noise.
Finally I calculated the N-z relation again using the inverse Fourier transform on the 4 peaks of fig. 3 and the result is shown in curve 2 of fig. 1 . The calculation excluded both high and low Fourier frequency components. The match is quite good aside from some low frequency and DC offset.
For redshifts z < 0.2 it is generally assumed that the Hubble Law is essentially independent of the details of any particular cosmological model. So for a redshift-distance relation I assume only the simple Hubble Law, z = r/(cH −1 0 ), where H 0 is the Hubble constant and c the vacuum speed of light. We may convert redshifts into real space Hubble distances using the natural scale length cH
Using this scale length I have converted the preferred redshift intervals (numbered peaks in figs 3 and 17) to distances and listed them in Table I .
FOG effect
In order to analyze the FOG effect on the data I have taken a slice of the data 2 degrees above and below the celestial equatorial plane. This amounts to 49,045 galaxies from the SDSS data sampled. If we plot them in redshift space as a function of RA we get a map as shown in fig. 4 out to z = 0.15. This is a similar picture to that from the 2dF GRS (see fig.  18 of Colless et al (2001) ).
In the following I model the FOG effect, believed to arise from random yet peculiar motions of cluster members. I added a random redshift component to the measured redshifts of these galaxies, which has the effect of introducing a random radial velocity component. Since we can only see the radial component of any Doppler velocity arising from real motion within a galaxy cluster, this additional component will be either positive (motion away from the observer) or negative (motion toward the observer). If the motion is transverse to the observer's line of sight then the additional component is zero. This data were also binned with δz = 10 −3 and the resulting N-z relation is shown in fig. 7 . The solid (black) curve is the original N-z relation without any added random z-component. Overlaid on top, the broken (pink) curve is the result where the random |ξ| ≤ 5 × 10 −3 redshift component was added. To the eye the latter has the effect of smoothing out the peaks of the original-reducing the fine detail.
The resulting Fourier spectrum is shown in fig. 8 , with (broken pink curve) and without the random components (solid black curve). It is evident from this that the addition of random velocities has the effect of eliminating the higher Fourier frequency peaks (i.e. the smaller redshift intervals) but the two lower Fourier frequency peaks are still prominent yet reduced in height. Therefore the FOG effect cannot be used to explain the origin of the picket-fence effect when it clearly acts to eliminate the very same effect, particularly at the very significant smaller redshift intervals, ∆z. In signal theory, it is well known that random noise can never generate information.
SDSS opposite regions on the sky
The SDSS data has been taken from two opposite regions of the sky and quite asymmetric. The data are 374,425, taken where right ascension (RA) is between about 100
• and 270
• , and 53,087, taken where RA is between about 290
• and 50
• . There are about 7 times the number of data in one set compared to the other. The larger set is mostly from above the celestial equator.
I have constructed N-z plots for these regions and they are shown in fig. 9 on a double-Y axis since they are about 7 times different in scale. Nevertheless the general shape of the curves and the location of peaks are the same except peaks occur with different relative heights and some at different redshifts. This indicates that the different regions are distinctly different in some respects. This is seen also in their respective Fourier spectra as shown in fig. 10 . Curve 1 is the same result for the whole SDSS sample as shown in fig. 3 , curve 2 is the Fourier spectrum for the larger region of the sky surveyed with 100
• < RA < 270
• and curve 3 (enhanced by a factor of 3 for better comparison) is for the smaller region of the sky with 290
• < RA < 50
• . There are similar features but much weaker in the latter, yet also it is apparent that the peaks are shifted in Fourier frequency. This could indicate real differences in the real space structure in that part of the survey as compared to the other.
SDSS 6
• Dec slices
Here I compare three 6
• slices taken in declination (Dec) angle. They are from 0 • < Dec < 6
• ( fig. 11 ), 40 fig. 12 ) and 52 • < Dec < 58 • ( fig. 13 ). These figures are real space plots where the scale length cH −1 0 = 4154 Mpc was used to convert from redshift space. Since most of the SDSS data fall into two declination bands on the sky, the first slice is taken from the lower band near the celestial equator and the latter two from higher declinations.
On inspection concentric structure is apparent in both figs 11 and 13 but not as apparent in fig. 12 . Nevertheless I binned the data (δz = 10 −3 ) for each slice and produced N-z relations and calculated the Fourier transforms as shown in fig. 14. The numbers are the positions of the peaks in the Fourier spectrum when all the SDSS data are taken together. For the lowest angle slice (solid black curve) and the highest angle slice (solid grey curve) the peaks at numbers 1 and 2 coincide. For the 40
• < Dec < 46
• slice the peaks are not strong nor do they coincide with the others except at peak number 1. This indicates that the peaks are the result of real space structure that varies in different directions but the fact that all three slices have a Fourier peak at number 1, which represents a redshift space interval of about 10 −2 , means that all slices are concentric on a common origin.
SDSS location of center
In order to confirm that peak number 1 shown in Fourier spectra here is the result of a real space spherically symmetric distribution of galaxies around the origin I used Mathematica software to plot the 3D spatial distributions of the data. By moving the origin and then recalculating the radial distance from each galaxy to the new origin a new N-z distribution resulted, from which I calculated a new Fourier spectrum.
I chose two new origin points. The first, 415 Mpc in the direction RA = 180
• , Dec = 45
• , which places it left of the center of fig. 11 , in the center of the long dense filament called the 'Great Wall'. Here data are most abundant. And the second, 415 Mpc in the direction RA = 90
• , Dec = 0 • , which places it 415 Mpc above the center in fig. 11 . This is where no observations have been made in the survey.
The resulting Fourier spectra of the spatial N-z data are shown in fig. 15 . When translating the origin 415 Mpc perpendicular to the principle direction of most observations (i.e. RA = 90
• ) the Fourier spectrum still preserves some features of the original. Compare location of peaks from solid black and grey curves of fig. 15 . Peaks 3 and 4 are somewhat retained. But the higher frequency peaks 1 and 2 are heavily reduced. When the origin is translated 415 Mpc at RA = 180
• and Dec = 45
• to a location where there are abundant data points the Fourier spectrum shown by the broken (red) curve in fig. 15 results. Compared to the noise level no clear peaks are apparent. The spherical symmetry is lost.
SDSS and 2dF GRS compared
Finally I compare the data with that from the 2dF Galaxy Redshift Survey (2dF GRS) where over 245,591 objects were included. Reliable redshifts were obtained for 221,414 galaxies. These were selected and a histogram (N-z relation) of galaxies as a function of redshift increment δz was produced in fig. 17 of Colless et al (2001) . This is reproduced here in fig. 16 . The difference however is that the SDSS data cover a larger region of the sky than the narrow 2 degrees of the 2dF GRS data.
Nevertheless the Fourier spectrum of the 2dF GRS N-z data shows very similar peaks to that of the SDSS. See fig. 17 , where the peaks have been fitted with Gaussians and fig.  18 , where the Fourier spectra from the SDSS and 2dF GRS data are compared. The peak values, representing the preferred redshift intervals (∆z), are listed in Table I , along with their standard errors.
From fig. 17 it is clear that peak number 2 is not very significant. Its magnitude is similar to the noise at the higher Fourier frequencies. Notice though that the Fourier spectrum of the 2dF GRS data is very similar to the narrow equatorial slice from the SDSS. Compare fig. 17 with the solid line in fig. 8 . Also the real space map of 2dF GRS data seen in fig. 18 of Colless et al (2001) is very similar to fig. 4 except for the scale factor. Both show similar arcs and filament structures.
However peaks 1, 3 and 4 in fig. 17 are all very significant. Also from a comparison of the data in Table I , it is clear that the values of the peaks 1, 3 and 4 are consistent with the respective values from the other data set, within their standard errors. Fig. 18 shows the Fourier spectra from the two surveys and except for peak number 2, they overlap. The height of peak number 3 from SDSS was normalized to match peak number of the 2dF GRS data, so they could be compared. It is observed that the Gaussian fits are a very good match. Peak 3 is at a redshift interval ∆z = 0.0246, which is most readily visible by eye in fig. 16 . Peaks at number 4 have a large height difference but similar line shapes.
In fig. 18 peak number 2 is strongly present in the Fourier spectrum from the whole SDSS data set but not significant in the 2dF GRS data. Could this be due to the 2dF GRS sampling a different part of the sky? The Fourier spectrum of the thin equatorial slice from SDSS is similar to that of the 2dF GRS result. Peak number 2 seems to be very weak in both samples taken near the celestial equator. This indicates that it is a local real space effect and not due to insufficient statistics. The other peaks however are very significant. Peak number 1 then represents ∆z = 0.0102, which is also significant in the thin equatorial slice, shown in fig. 8 , drawn from a much smaller database of about 49 thousand galaxies.
Conclusion
This analysis finds redshift spacings of ∆z = 0.0102, 0.0170, 0.0246, and 0.0448 in the SDSS and very similar results from 2dF GRS. The most significant peaks in the Fourier spectra, calculated from the galaxy N-z data, represent the first, third and forth spacings. By combining results from both surveys we get the most probable values for regular real space spacings of 44.0 ± 2.5 Mpc, 102 ± 8 Mpc and 176 ± 29 Mpc. Because the 2dF GRS was located close to the celestial equator and the second peak is not prominent in fig. 8 , where the SDSS data was sampled near the celestial equator, I conclude that the second peak is related to some spherically symmetric real space symmetry at higher declinations. It is strongly seen in the SDSS 52
• < Dec < 58 • slice. See peak 2 in the solid grey curve in fig. 14. Peak number 4 is in agreement with the results of Broadhurst et al (1990) . Some have argued that these results are just the scale sizes of clustering in the universe (Kaiser & Peacock 1991; Gonzalez et al 2000) . Certainly that is a possible explanation but the concept of galaxies laying at preferred locations on concentric shells centered on the Galaxy cannot be ruled out by observations. The loss of Fourier peaks in the power spectrum when one translates the origin to the location where data is abundant (see broken (red) curve of fig. 15 ) supports my argument.
The analysis also shows that the smaller scale spacings do not result from the finger-ofGod effect due peculiar motions of galaxies within clusters. By adding additional random motions the higher Fourier components, indicating the smaller regular redshift spacings, are destroyed. Therefore they cannot arise from these random motions. Some contribution may come from infall effects on much larger scales and clustering but I conclude that the detected periodic spacings are a real space effect. fig. 9 . The solid (black) curve 1 is N-z for the whole SDSS data set, the dashed (grey) curve 2 is for the larger region of the sky with 100 • < RA < 270
• and the dotted (red) curve 3 is for the smaller region of the sky with 290
• , multiplied by a factor of 3. • < Dec < 46
• . There are 44,335 data for z < 0.5. There are no observed data at these declinations in the two empty quadrants. • < Dec < 58
• . There are 34,802 data for z < 0.5. There are no observed data at these declinations in the two empty quadrants. • declination slices on the sky. The black solid curve is for the 0
• < Dec < 6
• slice, the red broken curve is for the 40
• slice and the grey solid curve is for the 52 • < Dec < 58 • slice. fig. 3 . The broken (red) curve is when the origin is located near the 'Great Wall' and the solid grey curve is when the origin is located well away from any observations. Table I . fig. 1 ) and the dashed curve is from the 2dF GRS ( fig. 16 ). For the comparison the FTT spectrum from the SDSS has been normalized to the peak height of peak number 3 in the 2dF GRS result.
